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1
ION IMPLANTER

TECHNICAL FIELD

The present disclosure relates to an 1on implanter for per-
forming an 10n implantation by 1rradiating an 1on beam onto
a substrate (e.g., a semiconductor substrate).

RELATED ART

In the related art, the so-called batch type 10n implanter for
performing an 1on implantation collectively onto a plurality
ol substrates on a rotary disc by irradiating an 1on beam,
whose width 1s expanded by using a scanning, onto a location
on the rotary disc, while rotating the rotary disc on which the
plurality of substrates are held has been proposed (see Patent

Literature 1, for example).
[Patent Literature 1] JP-A-9-129371 (Paragraph 0020,

FIG. 3)

In the 1on implanter in the related art, such a problem
existed that uniformity of an 1on implantation amount (dose)
distribution 1n a plane of a substrate 1s not good.

This problem will be explained with reference to F1G. 17
hereunder. Each substrate 94 1s disposed on a rotary disc 92.
The rotary disc 92 1s rotated at a constant angular velocity
around a center of rotation 93 1n an arrow U direction.

On an inner side and an outer side 1n the plane of the
substrate 94 (a side closer to the center of rotation 93 of the
rotary disc 92 in the plane of the substrate 94 1s the inner side
and an opposing side 1s the outer side), a relative velocity v to
an 1on beam 90 1s different in proportion to a radius r. Con-
cretely, this velocity v 1s expressed by v=rw.

Since a beam current density distribution of the 10n beam
90 15 substantially uniform, an 1on implantation amount into
the substrate 94 1s 1n mverse proportion to the velocity v.
Therefore, such a nonuniform implantation amount distribu-
tion 1s produced on the substrate 94 that an implantation
amount 1n a region R ., that 1s located closer to the inner side
1s larger than that in a region R ,, ,-that 1s located closer to the
outer side. In addition, this nonuniform implantation amount
distribution 1s caused by a rotational motion of the rotary disc
92, and thus this nonuniform implantation amount distribu-
tion assumes a circular arc shape around the center of rotation
93. A typical example of this nonuniform implantation
amount distribution is represented by contour lines 96.

There 1s such a consideration that the above nonuniform
implantation amount distribution should be corrected and
uniformized by adjusting the beam current density distribu-
tion of the 10n beam 90, for example. In this case, it 1s not easy
to correct such complicated implantation amount distribu-
tion.

When the uniformity of the implantation amount distribu-
tion 1n the plane of the substrate 1s not good, portions of the
substrate into which the 1on has been implanted and which
can be used effectively are reduced, and thus yield 1s lowered.
As more concrete example, 1n a situation that the 10n implan-
tation 1s employed as one of steps that are applied to form a
large number of semiconductor devices in the plane of the
semiconductor substrate 94, unless the uniformity of the
implantation amount distribution 1s good, a variation 1n the
characteristics of the semiconductor device 1s increased. As a
result, yield of the manufacture of the semiconductor device
1s lowered.

SUMMARY

Exemplary embodiments of the present invention provide
an 1on 1mplanter capable of performing collectively an 10n
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2

implantation onto a plurality of substrates, and also capable of
improving a uniformity of an implantation amount distribu-
tion 1n a plane of each of the substrates.

An 1on 1mplanter according to an exemplary embodiment
of the mvention, comprises:

an 1implantation chamber, which 1s exhausted to vacuum
and into which an 1on beam 1s introduced;

a holder provided in the implantation chamber, the holder
holding substrates, to which an 1on implantation 1s performed
by 1rradiating the 10n beam, on two columns of a first column
and a second column 1n an X-direction;

a holder driving unit, which sets the holder 1n a horizontal
state and then positions the holder 1n a substrate exchange
position, and which sets the holder in a standing state and then
drives reciprocally and linearly the holder along the X-direc-
tion 1n an 1rradiation area of the 1on beam:;

first and second load lock mechanisms, which transfer the
substrates between an atmosphere side and the implantation
chamber:;

a {irst substrate carrying unit having a first arm and a
second arm that are positioned mutually vertically and are
reciprocally rotated mutually independently around a same
center line, wherein the first arm carries the substrates from
the first load lock mechanism to the first column of the holder
in the substrate exchange position, and the second arm carries
the substrates from the first column of the holder in the sub-
strate exchange position to the first load lock mechanism; and

a second substrate carrying unit having a third arm and a
fourth arm that are positioned mutually vertically and are
reciprocally rotated mutually independently around a same
center line, wherein the third arm carries the substrates from
the second load lock mechamism to the second column of the
holder 1n the substrate exchange position and the fourth arm
carries the substrates from the second column of the holder 1n
the substrate exchange position to the second load lock
mechanism.

According to this 10on implanter, the holder that holds the
substrates on two columns are driven reciprocally and lin-
carly in the irradiation area of the 1on beam by the holder
driving unit. Therefore, the 1on implantation can be per-
tormed collectively to plural substrates.

Also, the holder and the substrates are driven reciprocally
and linearly. Therefore, unlike the case where the rotary disc
1s employed, a relative velocity between the substrate and the
ion beam 1n the plane of each substrate becomes even (uni-
form). As a result, the uniformity of the implantation amount
distribution 1n the plane of each substrate can be improved.

An 1on implanter according to an exemplary embodiment
of the invention, comprises:

an 1mplantation chamber, which 1s exhausted to vacuum
and into which an 1on beam 1s introduced;

a holder provided in the implantation chamber, the holder
holding substrates, to which an 10on implantation 1s performed
by 1rradiating the 1on beam, on two columuns of a first column
and a second column 1n an X-direction;

a holder driving unit, which sets the holder 1n a horizontal
state and then positions the holder 1n a substrate exchange
position, and which sets the holder in a standing state and then
drives reciprocally and linearly the holder 1n a direction inter-
secting with the X-direction 1n an 1rradiation area of the ion
beam;

first and second load lock mechanisms, which transfer the
substrates between an atmosphere side and the implantation
chamber;

a {irst substrate carrying unit having a first arm and a
second arm that are positioned mutually vertically and are
reciprocally rotated mutually independently around a same
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center line, wherein the first arm carries the substrates {from
the first load lock mechanism to the first column of the holder
in the substrate exchange position, and the second arm carries
the substrates from the first column of the holder 1n the sub-
strate exchange position to the first load lock mechanism; and

a second substrate carrying unit having a third arm and a
fourth arm that are positioned mutually vertically and are
reciprocally rotated mutually independently around a same
center line, wherein the third arm carries the substrates from
the second load lock mechanism to the second column of the
holder 1n the substrate exchange position and the fourth arm
carries the substrates from the second column of the holder 1n
the substrate exchange position to the second load lock
mechanism,

wherein the 10n beam 1rradiated onto the substrates has a
dimension that covers the substrates being held on two col-
umns by the holder with a scanning of the 10on beam or without
the scanning.

According to this 1on implanter, the holder that holds the
substrates on two columns are driven reciprocally and lin-
carly in the wrradiation area of the 1on beam by the holder
driving unit. Therefore, the 1on implantation can be per-
tormed collectively to plural substrates.

Also, the holder and the substrates are driven reciprocally
and linearly. Therefore, unlike the case where the rotary disc
1s employed, a relative velocity between the substrate and the
ion beam 1n the plane of each substrate becomes even (uni-
form). As a result, the uniformity of the implantation amount
distribution 1n the plane of each substrate can be improved.

The holder may be constructed to hold plural substrates in
plural rows on the first column and the second column respec-
tively, and the first and second substrate carrying units and the
first and second load lock mechanisms may be provided to
correspond to this holder.

Further, the intervening unit having the function of inter-
vening the transier of the substrate between the holder posi-
tioned 1n the substrate exchange position and the first to fourth
arms may be provided.

As the substrate, the rectangular substrate or the circular
substrate may be employed.

The holder may have a plurality of electrostatic chucks that
attract and hold the substrate by means of static electricity
respectively, have a rectangular planar shape respectively,
and are fixed to direct 1n the direction that corresponds to the
twist angle of the substrate.

According to this 1on implanter, the holder that holds the
substrates on two columns are driven reciprocally and lin-
carly in the wrradiation area of the 1on beam by the holder
driving unit. Therefore, the 1on implantation can be per-
tormed collectively to plural substrates.

Also, the holder and the substrates are driven reciprocally
and linearly. Therefore, unlike the case where the rotary disc
1s employed, a relative velocity between the substrate and the
ion beam 1n the plane of each substrate becomes even (uni-
form). As a result, the uniformity of the implantation amount
distribution 1n the plane of each substrate can be improved.

Also, the first and second load lock mechanisms and the
first and second substrate carrying units equipped with two
arms respectively are provided. Therefore, the transier of the
substrates between the atmosphere side and the implantation
chamber and the carry of the substrates between respective
load lock mechanisms and the holder can be carried out
smoothly. As a result, a throughput can be improved.

According to the invention, the holder 1s constructed such
that plural substrates can be held 1n plural rows on the first
column and the second column respectively, and also the first
and second substrate carrying units and the first and second
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4

load lock mechanisms are constructed to correspond to such
configuration. Therefore, the 1on 1mplantation can be per-
formed collectively to the larger number of substrates, and
plural substrates corresponding to the plural rows can be
handled collectively in the first and second substrate carrying,
units and the first and second load lock mechanisms. As a

result, a throughput can be improved.

According to the invention, the intervening unit having a
function of intervening the transter of the substrates between
the holder positioned in the substrate exchange position and
the first to fourth arms 1s provided. Therefore, the transier of
the substrates between the holder and the first to fourth arms
can be carried out more smoothly. As a result, a throughput
can be improved.

According to the invention, the intervening unit having a
function of intervening the transter of the substrates between
the holder positioned in the substrate exchange position and
the first to fourth arms and a function of setting collectively
the twist angle of respective substrates, which are to be held
by the holder, to a predetermined angle 1s provided. There-
fore, the transfer of the substrates between the holder and the
first to fourth arms can be carried out more smoothly. As a
result, a throughput can be improved. In addition, the twist
angle of respective rectangular substrates that are to be held
by the holder can be set collectively to a predetermined angle.

According to the mvention, the holder has a plurality of
clectrostatic chucks that have a rectangular planar shape
respectively and are fixed toward the direction that corre-
sponds to the twist angle of respective substrates. Therefore,
when the 10n 1implantation 1s performed while holding respec-
tive substrates being twisted by the twist angle by using the
clectrostatic chucks, such an event can be prevented that the
ion beam hits the electrostatic chucks and the electrostatic
chucks are damaged. In addition, an attracting force applied
to the substrate can be increased since a contact area between
the electrostatic chuck and the substrate can be increased, and
also the substrate can be cooled effectively since a heat trans-
fer area between the substrate and the electrostatic chuck can
be increased.

Other features and advantages may be apparent from the
following detailed description, the accompanying drawings
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view showing an embodiment of
an 1on implanter according to this invention.

FIG. 2 1s a plan view showing surroundings of an implan-
tation chamber of the 1on implanter 1n FIG. 1 in an enlarged
manner.

FIG. 3 1s a side view showing a holder driving unit 1n FIG.
2 1n an enlarged manner when viewed 1n an arrow P direction.

FIG. 41s a front view showing an example of the holder that
holds a substrate 1n a standing state, when viewed 1n a trav-
cling direction Z of an 10n beam.

FIG. 5 1s a plan view showing an example of the holder and
an ntervening unit being kept in a horizontal state, when
viewed from the substrate carrying unit side.

FIG. 6 1s an enlarged sectional view taken along a line D-D
in FIG. 2.

FIG. 7 1s an enlarged sectional view taken along a line E-E
in FIG. 2.

FIG. 8 1s a schematic side view showing an example of a
lifting pin elevating unait.

FIG. 9 1s a schematic side view showing an example of a
twist guide rotating unit and a twist guide elevating unat.
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FIG. 10 1s a schematic front view showing an example of a
substrate containing vessel, when viewed from the substrate
carrying unit side.

FIG. 11 1s a schematic view explaiming an example of an
overall operation of the 1on 1implanter according to this mnven-
tion, wherein illustration of the portions that are not so
required for the explanation 1s omitted herein.

FIG. 12 1s another schematic view explaining an example
ol an overall operation of the 1on implanter according to this
invention, wherein 1llustration of the portions that are not so
required for the explanation 1s omitted herein.

FIG. 13 1s still another schematic view explaining an
example ol an overall operation of the 10n implanter accord-
ing to this mvention, wherein illustration of the portions that
are not so required for the explanation 1s omitted herein.

FI1G. 14 1s yet still another schematic view explaining an
example of an overall operation of the 10n implanter accord-
ing to this mvention, wherein illustration of the portions that
are not so required for the explanation 1s omitted herein.

FI1G. 15 15 a view showing another example of the relation
between an electrostatic chuck and the substrate.

FIG. 161s a schematic front view showing another example
of the relation between the 1on beam and an alignment of
substrates on the holder, etc.

FI1G. 17 1s a view showing fragmentally a rotary disc of the
ion 1implanter in the related art.

DETAILED DESCRIPTION

FI1G. 11s a schematic plan view showing an embodiment of
an 10n 1mplanter according to this invention. FIG. 2 1s a plan
view showing surroundings of an implantation chamber of
the 10n 1mplanter 1n FIG. 1 1n an enlarged manner.

This 1on 1mplanter 1s constructed such that a momentum
analysis (e.g., mass separation) 1s applied to an 1on beam 4,
which 1s extracted from an 10n source 2, by a separation
clectromagnet 6 and then the 10n beam 4 1s introduced into an
implantation chamber 8. A path of the 1o0n beam 4 from the 1on
source 2 to the implantation chamber 8 1s kept 1n a vacuum
atmosphere.

In this case, this 1on 1implanter may be constructed such that
the separation electromagnet 6 1s not provided tonot apply the
mass separation and the 1on beam 4 that 1s extracted from the
ion source 2 1s introduced 1nto the implantation chamber 8.
The 1on implanter 1n this case 1s called a mass non-separation
type 1on implanter.

Here, assume that the traveling direction of the 1on beam 4
1s set to the Z-direction, and two direction that intersect sub-
stantially with each other in planes that are intersected sub-
stantially with this Z-direction respectively are set to the
X-direction (e.g., the horizontal direction) and the Y-direction
(e.g., the vertical direction) respectively. This embodiment 1s
constructed such that the ion beam 4 having a shape whose
dimension W, (see FIG. 3) 1n the Y-direction 1s larger than a
dimension W, in the X-direction (this 1s also called like a
ribbon) 1s extracted from the 10n source 2, and the 10on beam 4
having the above shape 1s mtroduced into the implantation
chamber 8 not to undergo the scanning of the 1on beam 4.

In this event, this 10n 1mplanter may be constructed such
that the 10on beam 4 having a dimension that 1s smaller than
that introduced into the implantation chamber 8 1s extracted
from the 10n source 2, and then this 1on beam 4 1s scanned by
a scanner located in the beam path between the 10n source and
the implantation chamber, for example, and 1s introduced into
the implantation chamber 8.

By reference to FIG. 2, the implantation chamber 8 1s
exhausted to a predetermined degree of vacuum by a vacuum
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6

exhausting apparatus (not shown). Also, the 1on beam 4 1s
introduced 1nto the implantation chamber 8.

A holder 12 1s provided in the implantation chamber 8. This
holder 12 holds substrates 10, onto which the 1on 1implanta-
tion 1s performed by irradiating the 10n beam 4, 1n two col-
umns of a first column C,; and a second column C, 1n a
predetermined direction, concretely, the X-direction 1n this
embodiment.

In FIG. 2, FIG. 1 to FIG. 14, FIG. 16, and the like, the
holder 12 1s 1llustrated 1n a simplified manner. An example of

a more concrete structure of the holder 12 1s shown 1in FIG. 4
and FIG. §.

In this embodiment, as shown 1n FIG. 4 and FIG. 5, the
holder 12 has a square frame body. With this arrangement, 1t
1s made easy that interference between the holder 12 and
lifting pins 42 and twist guides 44, described later, should be
avoided. Also, a weight reduction of the holder 12 can be
attained.

The holder 12 may be formed to hold the substrate 10 1n
one of the rows formed by the first column C, and the second
column C,. Like this embodiment, the holder 12 may be
formed to hold plural substrates 10 1n a plurality of rows R, to
R, formed by the first column C, and the second column C,
respectively (see FIG. 4 and FIG. 5, for example). The num-
ber of plural rows 1s three in this embodiment, but such
number 1s not limited to this.

Hach substrate 10 1s formed of a semiconductor substrate,
for example, but the substrate 1s not limited to this. Also, a
planar shape of the substrate may be set to a rectangle, or may
be set to a circle, or the like. In the following, explanation wall
be made by taking the case of a rectangle as an example. Also,
the similar situation will be given 1n the drawings.

In both cases where the 10on beam 4 when 1rradiated onto the
substrate 10 does not undergo the scanning and where the 1on
beam 4 undergoes the scanning, such 1on beam 4 has the
dimension W ;-1n the Y-direction to cover the rows (one row or
plural rows) the substrates 10 held on the holder 12 (see FIG.
3 and FIG. 4, for example).

By reference to FIG. 2 and FIG. 3, this 1on implanter 1s
equipped with a holder driving unit 16 that drives the holder
12. The holder driving unit 16 has a function of setting the
holder 12 1n a horizontal state (containing a substantial hori-
zontal state. See a chain double-dashed line 1n FIG. 3) by
turning the holder 12, as indicated with an arrow B, and then
positioning the holder 12 1 a predetermined substrate
exchange position 48 1n the implantation chamber 8. The
holder driving unit 16 has also a function of driving recipro-
cally and linearly the holder 12 and the substrates 10 being
held on the holder 12 1n an irradiation area of the ion beam 4
in the X-direction, by setting the holder 12 1n a standing state
(not to limited to a vertical state. For example, see a solid line
in FIG. 3) and then driving reciprocally and linearly the
holder 12 along the X-direction, as indicated with an arrow A.
In this embodiment, an intervening unit 40 1s provided 1n the
substrate exchange position 48, but this intervening unit 40
will be described later.

Because of the reciprocal and linear driving and the dimen-
sion W, of the 1on beam 4 in the Y-direction as described
above, the 10on implantation can be performed collectively to
plural substrates 10 being held on the holder 12.

In this embodiment, most of the constituent elements ofthe
holder driving unit 16 are provided 1n the implantation cham-
ber 8. The reciprocal and linear motion of the holder driving
unit 16 1s guided by rails 18 provided on a bottom face 9 of the
implantation chamber 8.

This 1on implanter 1s equipped with a first load lock mecha-
nism 20q and a second load lock mechanism 205 used to carry
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the substrate 10 between the interior of the implantation
chamber 8 and the exterior side of the implantation chamber
8. In this embodiment, both load lock mechanisms 20a, 205
are arranged mutually at a distance 1n the X-direction. More
concretely, both load lock mechanisms 20a, 206 are arranged
in substantially bilaterally symmetrical positions to a center
line of the substrate exchange position 48 1n the X-direction.

Respective load lock mechanisms 20a, 206 (more con-
cretely, a load lock chamber 21 constituting them, described
later) are exhausted mutually independently to a predeter-
mined degree of vacuum by a vacuum exhausting apparatus
(not shown). Also, a vent gas such as a cleaning gas, a nitrogen
gas, or the like 1s introduced into the load lock chamber 21,
and the load lock mechanisms 20a, 206 are restored to an
atmospheric state (this 1s called a “vent” hereunder).

A more concrete example of the structure of both load lock
mechanisms 20a, 206 will be explaimned with reference to
FIG. 6 later.

This 1on implanter 1s equipped with a first substrate carry-
ing unit 30q and a second substrate carrying unit 305.

The first substrate carrying unit 30q has a first arm 32q and
a second arm 325 that are positioned mutually vertically, and
can be reciprocally rotated mutually independently around a
same center line 34a, as indicated with arrows F,, F,, respec-
tively. The first arm 32a carries the substrate 10 from the first
load lock mechanism 20a to the first column C, of the holder
12 1n the substrate exchange position 48, and also the second
arm 32b carries the substrate 10 from the first column C, of
the holder 12 1n the substrate exchange position 48 to the first
load lock mechanism 20a.

The second substrate carrying unit 306 has a third arm 32¢
and a fourth arm 32d that are positioned mutually vertically,
and can be reciprocally rotated mutually independently
around a same center line 345, as indicated with arrows F 4, F .,
respectively. The third arm 32c¢ carries the substrate 10 from
the second load lock mechanism 205 to the second column C,
of the holder 12 1n the substrate exchange position 48, and
also the fourth arm 32d carries the substrate 10 from the
second column C, of the holder 12 1n the substrate exchange
position 48 to the second load lock mechanism 205.

In this embodiment, respective arms 32a to 324 are formed
like a straight rod respectively.

In this embodiment, the center line 34a passes through an
intersection point between a line 29, which connects the
center points of both load lock mechamisms 20a, 2056 1n the
X-direction, and a center line of the first column C, of the
holder 12 in the substrate exchange position 48 in the Y-di-
rection. In this embodiment, the center line 345 passes
through an 1ntersection point between the line 29 and a center
line of the second column C, of the holder 12 in the substrate
exchange position 48 in the X-direction.

The substrate carrying units 30a, 306 have driving units
36a, 360, which rotated the arms 32a to 32d respectively as
described above, respectively. Most of the constituent ele-
ments of both driving units 36a, 365 are provided out of the
bottom surface of the implantation chamber 8.

In this embodiment, both arms 32a, 3254 of the first sub-
strate carrying unit 30a can carry plural (in this embodiment,
three) of substrates being held 1n positions corresponding to
plural rows of the first column C, of the holder 12 respec-
tively. Stmilarly, both arms 32¢, 32d of the second substrate
carrying unit 305 can carry plural (1n this embodiment, three
) of substrates being held in positions corresponding to plural
rows ol the second column C, of the holder 12 respectively. In
this case, when the holder 12 holds merely the substrates 10 in
one row, the arms 32a to 324 may be of the type that holds one
substrate 10, respectively.
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Like an example shown i FIG. 2 and FIG. 7, respective
arms 32a to 32d have respective supporting members 38 that
support the substrate 10 under respective arms 32a to 324d.
The supporting member 38 supports an end portion of the
substrate 10 from the lower side.

The first load lock mechanism 20a and the second load lock

mechanism 205 have the same structure mutually. Therefore,
the structure, etc. of the first load lock mechanism 20a will be
explained by way of example herein. Similarly the following

explanation 1s applicable to the second load lock mechanism
205.

Like an example shown in FI1G. 6, the first load lock mecha-
nism 20q has the load lock chamber (this 1s also called a
vacuum preliminary chamber) 21. It 1s possible to say that the
load lock chamber 21 1s provided adjacent to a top portion of
the implantation chamber 8. An access port 26 through which
arms 52a, 325 of a first substrate carrying unit 30a, on which
the substrate 10 1s put on and which are located on the atmo-
sphere side described later, go out and come 1n 1s provided
between the load lock chamber 21 and the atmosphere side.
The access port 26 1s opened/closed by a vacuum valve (e.g.,
a flap valve) 28 that 1s opened/closed as indicated with an
arrow J.

The load lock chamber 21 and the implantation chamber 8
1s partitioned by a valve body 22 that 1s caused by an elevating
unit 24 to move up and down via a vacuum sealing portion 25,
as indicated with an arrow H. That 1s, this valve body 22 acts
as a vacuum valve and supports the substrate 10. A supporting
member 23 for supporting the substrate 10 1n a slightly lifted
state 1s provided over the valve body 22. The supporting
member 23 supports the end portion of the substrate 10 from
the bottom. Accordingly, the substrate 10 1s transferred in the
position where the valve body 22 1s lifted up (see a solid line
in FI1G. 6) by the arms 52a, 5256 of the first substrate carrying
unit 50q located on the atmosphere side, and also the substrate
10 1s transferred 1n the position where the valve body 22 1s
moved down (see a chain double-dashed line 1n FIG. 6) by the
arms 32a, 32b of the first substrate carrying unit 30a on the
vacuum side.

More particularly, when the valve body 22 1s lifted up to the
position indicated with a solid line, the load lock chamber 21
and the implantation chamber 8 can be partitioned by the
valve body 22. In this state, the interior of the load lock
chamber 21 can exhausted to a vacuum by the vacuum
exhausting apparatus (not shown) or can be restored to the
atmospheric pressure state (1.e., ventilated). When the
vacuum valve 28 1s opened in the atmospheric pressure state,
the substrate 10 can be carried (put 1n and taken out) between
the valve body 22 and the atmosphere side by the arm 52a,
52b of the first substrate carrying unit 50q on the atmosphere
side. When the valve body 22 1s moved down to the position
indicated with a chain double-dashed line, the substrate 10
can be carried between the valve body 22 and the implanta-
tion chamber 8 by the arms 32a, 326 of the first substrate
carrying unit 30a on the vacuum side.

By reterence to FIG. 2, 1n this embodiment, the first load
lock mechanism 20a can hold plural (in this embodiment,
three) of substrates 10 in respective positions corresponding
to plural substrates 10 that are held by the first or second arm
32a, 326 of the first substrate carrying umt 30a. Similarly, the
second load lock mechanism 205 can hold plural (in this
embodiment, three) of substrates 10 1n respective positions
corresponding to plural substrates 10 that are held by the third
or fourth arm 32¢, 32d of the second substrate carrying unit

3054. In this event, when the holder 12 holds the substrate 10
merely 1n one row and the arms 32a to 324 hold one substrate
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10 respectively, both load lock mechanisms 20a, 2056 may be
of the type that can hold one substrate 10, respectively.

The transfer of the substrate 10 between the holder 12
located 1n the substrate exchange position 48 and respective
arms 32a to 324 may be achieved directly without interven-
tion of the mtervening umt 40 described later. Alternatively,
such transier of the substrate 10 may be achieved via the
intervening unit 40 like this embodiment. When the interven-
ing unit 40 1s interposed, the transfer of the substrate 10
between the holder 12 and the first to fourth arms 32a to 324
can be achieved more smoothly. Therefore, a throughput can
be improved much more.

In this embodiment, the 1on implanter includes the inter-
vening unit 40 which is provided in the substrate exchange
position 48, has a plurality of supporting members provided
to each substrate 10 respectively to support each substrate 10
respectively and an elevating unit for elevating collectively
the concerned supporting members, has a function of inter-
vening the transter of the substrate 10 between the holder 12
in the substrate exchange position 48 and the first to fourth
arms 32a to 32d. In a concrete example described hereunder,
the lifting pins 42 and/or the twist guides 44 correspond to the
supporting members, and a lifting pin elevating unit 70 and/or

a twist guide elevating unit 88 corresponds to the elevating
unit.

Then, a more concrete example of the intervening unit 40
will be explained hereunder. In this embodiment, the inter-
vening unit 40 shown in FIG. 2, FIG. 3, and the like 1s
prepared for the rectangular substrate 10, and has a structure
descried as follows.

That 1s, the mtervening umt 40 1s equipped with (a) a
plurality of lifting pins 42 provided to each substrate 10
respectively to support each substrate 10, (b) the lifting pin
clevating unit 70 for elevating collectively the lifting pins 42
(see F1G. 8), (¢) aplurality of twist guides 44 provided to each
substrate 10 respectively to support corner portions of each
substrate 10, (d) a twist guide rotating unit 78 for rotating
collectively the twist guides 44 of respective substrates 10 by
a predetermined angle around a center 11 of each substrate
10, as indicated with an arrow G (see F1G. 9), and (e) the twist
guide elevating unit 88 for elevating collectively the twist
guides 44 (see FIG. 9). Then, the intervening umit 40 has a
function of intervening the transier of the substrate 10
between the holder 12 1n the substrate exchange position 48
and the first to fourth arms 32a to 324, and a function of
setting collectively a twist angle ¢ of respective substrates 10
that are to be held by the holder 12 (see also FIG. 4) to a
predetermined angle.

The number of the lifting pins 42 per one substrate 10 1s set
to three, for example. But the number of the lifting pins 42 1s
not limited to this. The number of the twist guide 44 per one
substrate 10 1s set to two 1n a simplified illustration 1n FIG. 2,
FIG. §, etc. But the number of the twist guides 44 1s not
limited to this, and three or four twist guides 44 may be
employed, for example.

A plurality of electrostatic chucks 14 for attracting and
holding the substrate 10 by means of static electricity respec-
tively are fitted to the holder 12. In addition, 1n this embodi-
ment, a planar shape of each electrostatic chuck 14 1s shaped
into a rectangle corresponding to the substrate 10, and the
clectrostatic chuck 14 1s fixed to direct 1n the direction that
corresponds to the twist angle ¢ of the rectangular substrate
10.

In this embodiment, holes through which the lifting pin 42
of each substrate 10 passes are provided in each electrostatic
chuck 14 respectively. Respective lifting pins 42 are moved

10

15

20

25

30

35

40

45

50

55

60

65

10

vertically to pass through the holes 1n the electrostatic chuck
14 on the holder 12 that 1s kept 1n the horizontal state.

The twist angle ¢ of the substrate 10 i1s one of parameters
that represent an arrangement (direction) of the substrate 10
in the 10n 1mplanter, and represents the direction of the sub-
strate 10 with respect to the 1on beam 4. In the example shown
in FIG. 4 and FIG. 5, an angle between a long side of the
rectangular substrate 10 and the X-direction 1s set as the twist
angle ¢, but this angle 1s same as an angle between a major
axis of the substrate 10 and the X-direction. In this case,
another angle may be decided as the twist angle ¢. The twist
angle ¢ 1s set to 23 degree, for example, but 1s not limited to
this.

Respective concrete examples of the lifting pin elevating
umt 70, the twist guide rotating unit 78, and the twist guide
clevating unit 88 will be explained as follows.

Like an example shown in FIG. 8, for example, the lifting
pin elevating unit 70 1s constructed such that a plurality of
lifting pins 42 positioned 1n the implantation chamber 8 are
moved vertically collectively, as indicated with an arrow K,
by a driving source 72 via a vacuum sealing portion 74. This
driving source 72 1s provided out of the bottom surface 9 of
the implantation chamber 8.

Like an example shown 1n FIG. 9, for example, the twist
guide rotating unit 78 1s constructed such that a link mecha-
nism 86 provided in the implantation chamber 8 1s turned
reciprocally, as indicated with an arrow M, by a rotating/
driving source 82 via a vacuum sealing portion 84, and then
the twist guides 44 for respective substrates 10 coupled to this
link mechanism 86 are turned reciprocally, as indicated with
the arrow G, respectively. This rotating/driving source 82 1s
provided out of the bottom surface 9 of the implantation
chamber 8.

Like an example shown 1n FIG. 9, for example, the twist
guide elevating unit 88 1s constructed such that a plurality of
twist guides 44 positioned in the implantation chamber 8 are
moved vertically collectively, as indicated with an arrow N,
by a driving source 80 via the vacuum sealing portion 84. This
driving source 80 1s provided out of the bottom surface 9 of
the implantation chamber 8. The link mechanism 86 1s able to
respond to this vertical motion.

The lifting pins 42, the twist guides 44, the lifting pin
clevating unit 70, the twist guide rotating unit 78, and the twist
guide elevating unit 88 are arranged not to disturb their opera-
tions respectively.

By reference to FIG. 2, a beam monitor 68 for recerving the
ion beam 4 and measuring a beam current density distribution
in the Y-direction 1s provided 1n the implantation chamber 8.
In this embodiment, this beam monitor 68 has a plurality of
beam measuring elements (e.g., Faraday cups. Ditto with the
tollowing) aligned over a range that 1s wider than the dimen-
sion W ,-of the 10on beam 4 in the Y-direction. In this case, as
the beam monitor 68, the structure for moving one beam
measuring element 1n the Y-direction may be employed.

In this embodiment, followings are provided on the atmo-
sphere side out of the implantation chamber 8.

That 1s, two substrate containing vessels 60 are provided in
positions that oppose to the first load lock mechanism 20a,
and the first substrate carrying unit 50a 1s provided between
the mechanism 20a and the vessel 60. Also, two substrate
containing vessels 60 are provided 1n positions that oppose to
the second load lock mechanism 2054, and the second sub-
strate carrying unit 505 1s provided between the mechanism
2056 and the vessel 60. A standby unit 66 1s provided between
both substrate carrying units 50a, 50b.

Each substrate containing vessel 60 1s called a hoop. Like
an example shown 1n FIG. 10, for example, the substrate 10
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can be contained in plural stages in the vertical direction
(Y-direction), and the substrate 10 can be loaded and
unloaded by the corresponding substrate carrying unit 50a or
5056 (concretely, by the arms 52a to 52d). A portion in which
cach substrate 10 1s contained 1s called a slot 62.

The standby unit 66 1s used to store the substrate 10 once.
This standby unit 66 has the similar structure to the substrate
contaiming vessel 60, and can contain the substrate 10 1n
plural stages in the vertical direction (Y-direction). In this
case, the faces of this standby unit 66 opposing to both sub-
strate carrying units 50a, 505 are opened, and the substrate 10
can be loaded and unloaded by both substrate carrying units
50a, 505.

Both substrate carrying units 50a, 505 have the same struc-
ture mutually. Therefore, mainly a concrete example will be
explained hereunder by taking the first substrate carrying unit
50a as an example.

By reference to FIG. 2, the first substrate carrying unit 50a
has two arms 52a, 525 whose tip portions (hand portions) are
positioned vertically mutually. The substrate 10 can be held
and carried by the hand portions respectively. In this embodi-
ment, a vacuum chuck 54 for sucking and holding the sub-
strate 10 by vacuum 1s provided to the hand portions respec-
tively.

The first substrate carrying unit 50a can control expansion
and contraction of the arms 52a, 5256 independently, and can
collectively turn and move vertically both arms 52a, 525.
Further, this first substrate carrying unit 50a can moves recip-
rocally along the X-direction, as indicated with an arrow S.

According to the above structure, the first substrate carry-
ing umt 50a can execute the load/unload of the substrate 10
into/from two substrate containing vessels 60 located on the
preceding side, execute the load/unload of the substrate 10
into/from the first load lock mechanism 20a, and execute the
load/unload of the substrate 10 into/from the standby unit 66.

The second substrate carrying unit 305 has also two arms
52¢, 52d, and has the same structure as the first substrate
carrying unit 50aq, as described above. The second substrate
carrying unit 505 can execute the load/unload of the substrate
10 1into/from two substrate containing vessels 60 located on
the preceding side, execute the load/unload of the substrate 10
into/from the second load lock mechanism 2054, and execute
the load/unload of the substrate 10 into/from the standby unit
66.

An example of an overall operation of the 1on implanter

according to this invention will be explained with reference to
FIG. 2, FIG. 11 to FIG. 14, and the like hereunder. FIG. 11 to

FIG. 14 correspond to FI1G. 2. In this case, FIG. 11 to FIG. 14
are schematic views, and illustration of the portions that are
not so required for the explanation 1s omitted herein. The
omitted portions will be referred to FIG. 1 to FIG. 10
explained above. Also, details of the operations of the holder
12, the intervening unit 40, the load lock mechanisms 20a,
205, the substrate carrying units 30a, 305, 50a, 505, and the
like have already been explained previously and these details
should be referred to them if necessary. Therefore, an
example of the overall operation of this 10n implanter will be
explained mainly 1n the following. Also, insignificant opera-
tions that have not so much the influence on the essence of this
invention are omitted or simplified 1n the explanation.

As an example, explanation will be started from the state
shown 1 FIG. 2 herein. At first the main state 1s explained
hereunder. The 1on beam 4 1s introduced 1nto the implantation
chamber 8. The holder 12 1s held 1n a standing state, and six
non-implanted substrates 10 are held on the holder 12. Both
load lock mechanisms 20a, 206 are set 1n the atmospheric
pressure state, the vacuum valve 28 1s opened, and three
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implanted substrates 10 are held by the load lock mechanisms
20a, 205 respectively. Plural non-implanted substrates 10 are
contained in the substrate containing vessel 60 respectively.
Plural substrates 10 that are picked up from the substrate
containing vessel 60 on the left side are also contained 1n the
standby unit 66.

The holder 12 1s driven reciprocally and linearly in the
irradiation area of the 1on beam 4 along the X-direction by the
holder driving unit 16. The number of reciprocal motions
depends on a necessary dose (1ion implantation amount), and
the like. Accordingly, the 1on implantation can be performed
collectively to six substrates 10.

In addition, the holder 12 and the substrate 10 are driven
reciprocally and linearly, as explained above. Therefore,
unlike the above case where the rotary disc 1s employed 1n the
related art, arelative velocity between the substrate 10 and the
ion beam 4 1n the plane of each substrate 10 becomes even
(uniform). As a result, uniformity of an 10n implantation
amount 1n the plane of each substrate 10 can be improved.

The first substrate carrying unit 50a takes the action to
carry (restore) sequentially the implanted substrate 10 located
in the first load lock mechanism 20q into the original substrate
containing vessel 60, more concretely, into the original slot 62
in the original substrate containing vessel 60 1n this embodi-
ment, between the 10n implanting operations. In parallel with
this restoring action, the same first substrate carrying unit 50a
takes the action to pick up the non-implanted substrates 10
from the corresponding substrate containing vessel 60 one by
one and then transfer this substrate 10 to the first load lock
mechanism 20a. Two arms 52a, 525 enables the first substrate
carrying unit 530q to take these actions.

In parallel with the above action, the second substrate
carrying unit 305 takes the action to carry sequentially the
implanted substrates 10 being stored 1n the second load lock
mechanism 205 1nto the standby unit 66 once. In parallel with
this action, the same second substrate carrying unit 505 takes
the action to pick up the non-implanted substrates 10, which
are stored previously in the standby unit 66 by the first sub-
strate carrying umt 30a, one by one and then transfer this
substrate 10 to the second load lock mechamism 205. Two
arms S2c¢, 52d enable the second substrate carrying unit 506 to
take these actions.

When the exchange between the implanted substrates 10
and the non-implanted substrates 10 1s completed in the load
lock mechanisms 20a, 205, both load lock mechanisms 20a,
206 can be exhausted to vacuum by closing the vacuum valve
28 respectively.

Also, subsequently to the exchange between the implanted
substrates 10 and the non-implanted substrates 10 in the first
load lock mechanism 20a, the first substrate carrying unit 50q
takes the action to return the implanted substrates 10 in the
standby unit 66 to the original slot 62 of the original substrate
containing vessel 60.

After the 10n implantation into the substrate 10 held on the
holder 12 1s completed at a predetermined dose, the holder 12
1s restored to the substrate exchange position 48, concretely to
the intervening unit 40, and then the holder 12 1s kept 1n a
horizontal state. FIG. 11 shows an intermediate state toward
the horizontal state. In this case, 1n the illustration in FIG. 1,
the holder 12 1s slightly shifted rightward from the interven-
ing unit 40 to facilitate the explanation. Actually the holder 12
1s kept 1n the horizontal state over the intervening unit 40 (see
FIG. 12). The first and second substrate carrying units 50aq,
5056 still continue the carrying operation of the substrate 10 1n
parallel during the above operations.

Then, as shown 1n FIG. 12, the twist gmides 44 are lifted
collectively, and the substrates 10 are received from the
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holder 12 (more concretely, from the electrostatic chucks 14)
by the twist guides 44. In FIG. 12, 1n order to simplify the
illustration, the twist angle ¢ of the substrate 10 1s shown at O
degree, but an angle other than 0 degree may be employed.
Before the twist guides 44 are lifted, respective twist guides
44 are turned to the position corresponding to the twist angle
¢ of the substrate 10. This 1s because the twist guides 44 are to
be positioned to recerve the substrate 10 that 1s twisted at the
twist angle ¢.

Then, the lifting pins 42 are lifted collectively 1n a state that
the twist angle ¢ ol the substrates 10 held by the lifting pins 42
1s restored to 0 degree by turning the twist guides 44, and then
respective substrates 10 are received from the lifting pins 42.
The reason why the twist angle ¢ of the substrates 10 1is
restored to 0 degree 1s that respective substrates 10 should be
transierred to the arm 3254, 324 1n that state. As shown 1n FIG.
13, the second and fourth arms 325, 324 are positioned over
the holder 12 in the above state, and then the implanted
substrates 10 are transierred to the arm 3256, 324 by lifting
down collectively the twist guides 44 and lifting down col-
lectively the lifting pins 42. In parallel with the above opera-
tions, the first and third arms 32a, 32¢ are positioned over the
load lock mechanisms 20a, 205 respectively, and recerve the
non-implanted substrates 10.

Then, as shown 1n F1G. 14, the positions of the first arm 324
and the second arm 325 are exchanged and the positions of the
third arm 32c¢ and the fourth arm 324 are exchanged, the
lifting pins 42 are lifted up collectively, and then respective
substrates 10 are receiwved from the arms 32a, 32¢ by the
lifting pins 42. At this time, the twist guides 44 are lifted up
collectively 1n the positions that correspond to the twist angle
¢ of 0 degree. At this time, the twist guides 44 are lifted up to
a height that does not interfere with the positions of the arms
32a, 32¢. In parallel with the above, the implanted substrates
10 are transferred from the arms 324, 324 to the load lock
mechanisms 20a, 205.

Then, the empty arms 32a to 324 are restored to the inter-
mediate positions between the intervening unit 40 and the
load lock mechanisms 20a, 205 (in the same state as that 1n
FIG. 2). Then, 1in the intervening unit 40, respective substrates
10 are put on the twist guides 44 by lifting down collectively
the lifting pins 42, then the twist angle ¢of respective sub-
strates 10 1s set collectively to a predetermined angle by
turning the twist guides 44 as described above, and then the
non-implanted substrates 10 are held on the holder 12 by
lifting down collectively the twist guides 44. Concretely,
respective substrates 10 are put on the electrostatic chucks 14
and attracted and held by them. Up to now, the action of
restoring the implanted substrates 10 by the preceding batch
process 1s completed by the substrate carrying units 50a, 505.

Then, the holder 12 that are holding the non-implanted
substrates 10 1s set to the standing state. In parallel with this
action, the load lock mechanisms 20a, 2056 are ventilated and
restored to the atmospheric pressure state, and then the
vacuum valve 28 1s opened. Then, the 1on implanter 1s
returned to the state shown 1n FIG. 2, and subsequently the
similar operations as the above operations are repeated.

Such an example 1s explained as above that the 10on 1mplan-
tation 1s performed collectively to every six non-implanted
substrates 10 that are picked up from the substrate containing
vessel 60 on the first substrate carrying unit 30q side and then
the implanted substrates 10 are restored in the original sub-
strate containing vessel 60. Similarly, the 10on 1mplantation
may be performed collectively to every six non-implanted
substrates 10 that are picked up from the substrate containing
vessel 60 on the second substrate carrying unit 505 side by the
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similar operations and then the implanted substrates 10 may
be restored 1n the original substrate contaiming vessel 60.

As described above, according to the 1on implanter of this
embodiment, the first and second load lock mechanisms 20a,
206 and the first and second substrate carrying units 30a, 305
equipped with two arms respectively are provided. Therelore,
the transier of the substrates 10 between the atmosphere side
and the implantation chamber 8 and the carry of the substrates
10 between respective load lock mechanisms 20a, 206 and the
holder 12 can be carried out smoothly. As a result, a through-
put can be improved.

Also, the holder 12 1s constructed such that plural sub-
strates 10 can be held 1 plural rows formed by the first
column C, and the second column C, respectively, and also
the first and second substrate carrying units 30a, 306 and the
first and second load lock mechanisms 20q, 205 are con-
structed to correspond to such configuration. Theretfore, the
ion 1mplantation can be performed collectively to the larger
number of substrates 10, and plural substrates 10 correspond-
ing to the above plural rows can be handled collectively i the
first and second substrate carrying units 30a, 3056 and the first
and second load lock mechanisms 20a, 2056. As a result, a
throughput can be improved.

Also, the intervening unit 40 having a function of interven-
ing the transfer of the substrates 10 between the holder 12
located 1n the substrate exchange position 48 and the first to
fourth arms 32a to 324 and a function of setting collectively
the twist angle ¢ of respective substrates 10, which are to be
held by the holder 12, to a predetermined angle 1s provided.
Theretore, the transfer of the substrates 10 between the holder
12 and the first to fourth arms 32a to 324 can be carried out
more smoothly. As a result, a throughput can be improved. In
addition, the twist angle ¢ of respective rectangular substrates
10 that are to be held by the holder 12 can be set collectively
to a predetermined angle.

Also, as explained previously with reference to FI1G. 4 and
FIG. §, the holder 12 has a plurality of electrostatic chucks 14
that have a rectangular planar shape respectively and are fixed
toward the direction that corresponds to the twist angle ¢ of
respective substrates 10. Therefore, when the 1on 1implanta-
tion 1s performed while holding respective substrates 10
being twisted by the twist angle ¢ by using the electrostatic
chucks 14, such an event can be prevented that the 1on beam
4 hits the electrostatic chucks 14 and the electrostatic chucks
14 are damaged. In addition, since a contact area between the
electrostatic chuck 14 and the substrate 10 can be increased,
a clamping force for the substrate 10 can be increased and
also, since a heat transfer area between the substrate 10 and
the electrostatic chuck 14 can be increased, the substrate 10
can be cooled effectively.

Like an example shown 1n FIG. 15, assume that the elec-
trostatic chuck 14 i1s fixed to the holder 12 not to correspond
to the twist angle ¢ of the substrate 10. In this case, the surface
area of the electrostatic chuck 14 not covered with the sub-
strate 10 1s produced, the 10n beam 4 hits this surface area (see
FIG. 4, for example) during the ion implantation, and 1t 1s
possible that the electrostatic chuck 14 1s damaged by the
sputtering, or the like. In order to avoid such situation, when
the electrostatic chuck 14 1s shaped 1nto a rectangle, a circle,
or the like and 1s covered completely with the substrate 10 by
reducing a size, not only a clamping force of the electrostatic
chuck 14 1s decreased because a contact area between the
electrostatic chuck 14 and the substrate 10 1s decreased, but
also a cooling eificiency of the substrate 10 i1s lowered
because a heat transier area between the substrate 10 and the
clectrostatic chuck 14 1s decreased.
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Another example of the relation between the 1on beam 4
and an alignment of substrates 10 on the holder 12, etc. 1s

shown 1n FIG. 16. This figure corresponds to FIG. 4. In FIG.

16, the same reference symbols are affixed to the portions
corresponding to those 1n the example shown 1n FIG. 2 to FIG.

5, etc. Mainly differences from the concerned example will be

explained hereunder.
In the example shown in FIG. 16, 1n brief the driving
direction of the holder 12 and the longitudinal direction of the

L] it il

ion beam 4 are different by 90 degree from the example
shown 1n FIG. 2 to FIG. 5, etc. More specifically, 1n the case
of the example shown in FIG. 16, the holder driving unit
equipped with a function of setting the holder 12 1n the hori-
zontal state and positioning the holder 12 1n the substrate
exchange position 48 and a function of setting the holder 12 1n
standing state and then driving reciprocally and linearly the
holder 12 1n the wrradiating area of the 1on beam 4 in the
direction that intersects with the X-direction (e.g., the Y-di-
rection), as indicated with an arrow V, 1s provided.

Also, the 10n beam 4 when irradiated onto the substrate 10
has the dimension W ,-that covers the substrates 10 being held
by the holder 12 on two columns C,, C, with the scanning of
the 10n beam or without the scanning.

The constituent conditions other than the driving direction
of the holder 12 and the dimension of the 1on beam 4 are
similar to those 1n the example shown 1n FIG. 2 to FIG. §, efc.
Therefore, the intervening unit 40, the substrate carrying
units 30a, 305, the load lock mechanisms 20a, 205, and the
like, which are similar to those in the example shown 1n FIG.
2 to FIG. 5, etc., may be employed.

In the case of the example shown 1n FIG. 16, such a con-
figuration 1s also employed that the holder 12 for holding the
substrates 10 on two columns C,, C, 1s driven reciprocally
and linearly 1n the 1rradiation area of the 1on beam 4 by the
holder driving unit. Therefore, the ion implantation can be
performed collectively to plural substrates 10.

In addition, the holder 12 and the substrates 10 are driven
reciprocally and linearly, as described above. Therefore,
unlike the case where the rotary disc 1s employed, the relative
velocity between the substrate 10 and the 1on beam 4 in the
plane of each substrate 10 can be made uniform. As a result,
the uniformity of the 10n implantation amount in the plane of
cach substrate 10 can be improved.

Further, the advantages similar to those in the example
shown 1n FIG. 2 to FIG. 5, etc. can be achieved.

As the 1on source 2, a large 10n source having a plurality of
filaments in the longitudinal direction (in the case of the
example shown 1n FI1G. 2 to FIG. 5, etc., the Y-direction. Ditto
with the following) of the 1on beam 4 extracted from the 10n
source may be provided. Then, a beam current density distri-
bution in the longitudinal direction may be measured by using,
the beam monitor 68 being provided in the implantation
chamber 8, and then a controlling unit may control respective
filaments of the 10n source 2 such that the beam current
density distribution 1n the longitudinal direction of the 10n
beam 4 being 1rradiated onto the substrates 10 on the holder
12 can be made uniform.

Accordingly, the 10n beam 4 whose dimension 1n the lon-
gitudinal direction 1s set larger and whose uniformity of the
beam current density distribution in the longitudinal direction
1s improved can be obtained. Therefore, the 10n implantation
can be performed collectively to the larger number of sub-
strates 10 with good uniformity. As a result, the number of the
substrates 10 that are subjected to the batch process can be
increased, and thus a throughput can be improved further
more.
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In the above, explanation 1s made by taking the case where
cach substrate 10 has a rectangular shape, as an example. But
cach substrate 10 may have a circular shape or a quadrangle
shape or like that.

In the case where each substrate 10 has a circular shape, a
planar shape of each electrostatic chuck 14 may be shaped
into a circle.

Also, 1n the case where each substrate 10 has a circular
shape, an aligner (angle fitting unit) for fitting the twist angle
of each substrate 10 being held by the holder 12 to a desired
angle based on the orientation flat or the notch provided to
cach substrate 10 may be provided instead of the twist guide
rotating unit 78 and the twist guide elevating unit 88. For
example, a function of the aligner may be provided to the
standby unit 66 shown i FIG. 2. Alternatively, the aligner
may be provided instead of the standby unit 66. In both case,
the aligner (or the function) capable of fitting the angle of
cach substrate 10 may be employed. However, the aligner (or
the function) capable of fitting the angle of plural substrates
10 arranged in multiple stages 1n the Y-direction 1s preferable.
This 1s because such aligner can enhance a throughput.

What 1s claimed 1s:

1. An 1on implanter, comprising:

an 1implantation chamber, which 1s exhausted to vacuum
and 1nto which an 1on beam 1s 1introduced;

a holder provided 1n the implantation chamber, the holder
holding substrates, to which an 1on 1implantation 1s per-
formed by 1rradiating the 10n beam, on two columns of a
first column and a second column in an X-direction;

a holder driving unit, which sets the holder 1n a honzontal
state and then positions the holder in a substrate
exchange position, and which sets the holder 1n a stand-
ing state and then drives reciprocally the holder along
the X-direction;

first and second load lock mechanisms, which transfer the
substrates between an atmosphere side and the implan-
tation chamber:;

a first substrate carrying unit having a first arm and a
second arm that are disposed adjacently, are each sub-
stantially straight rods, and are reciprocally rotated inde-
pendently around a same center line, wherein the first
arm carries at least one substrate from the first load lock
mechanism to the first column of the holder in the sub-
strate exchange position, and the second arm carries the
substrate, carried by the first arm, from the first column
of the holder 1n the substrate exchange position to the
first load lock mechanism; and

a second substrate carrying unit having a third arm and a
fourth arm that are disposed adjacently, are each sub-
stantially straightrods, and are reciprocally rotated inde-
pendently around a same center line, wherein the third
arm carries at least one substrate from the second load
lock mechamism to the second column of the holder 1n
the substrate exchange position and the fourth arm car-
ries the substrate, carried by the third arm, from the
second column of the holder in the substrate exchange
position to the second load lock mechanism.

2. An 1on mmplanter according to claim 1, wherein the
holder holds substrates 1n plural rows on the first column and
the second column respectively,

the 10n beam 1rradiated onto the substrates has a dimension
that traverses plural rows of substrates being held by the
holder,

the first arm and the second arm of the first substrate car-
rying unit hold plural substrates 1n positions correspond-
ing to plural rows of the first column of the holder and
carry the plural substrates respectively,
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the third arm and the fourth arm of the second substrate
carrying unit hold plural substrates 1n positions corre-
sponding to plural rows of the second column of the
holder and carry the plural substrates respectively,

the first load lock mechanism holds plural substrates 1n
positions corresponding to plural substrates that are held
by the first or second arm of the first substrate carrying
unit, and

the second load lock mechanism holds plural substrates 1n
positions corresponding to plural substrates that are held
by the third or fourth arm of the second substrate carry-
ing unit.

3. An 1on implanter, comprising:

an 1mplantation chamber, which 1s exhausted to vacuum
and 1nto which an 1on beam 1s 1ntroduced;

a holder provided 1n the implantation chamber, the holder

holding substrates, to which an 10n 1implantation 1s per-

formed by irradiating the 1on beam, on two columns of a

first column and a second column 1n an X-direction;

a holder driving unit, which sets the holder 1in a horizontal
state and then positions the holder 1n a substrate
exchange position, and which sets the holder 1n a stand-
ing state and then drives reciprocally and linearly the
holder 1n a direction intersecting with the X-direction;

first and second load lock mechanisms, which transfer the
substrates between an atmosphere side and the implan-
tation chamber:;

a first substrate carrying unit having a first arm and a
second arm that are disposed adjacently, are each sub-
stantially straight rods, and are reciprocally rotated inde-
pendently around a same center line, wherein the first
arm carries at least one substrate from the first load lock
mechanmism to the first column of the holder 1n the sub-
strate exchange position, and the second arm carries the
substrate, carried by the first arm, from the first column
of the holder 1n the substrate exchange position to the
first load lock mechanism; and

a second substrate carrying unit having a third arm and a
fourth arm that are disposed adjacently, are each sub-
stantially straight rods, and are reciprocally rotated
mutually independently around a same center line,
wherein the third arm carries at least one substrate from
the second load lock mechanism to the second column of
the holder in the substrate exchange position and the
fourth arm carries the substrate, carried by the third arm,
from the second column of the holder 1n the substrate
exchange position to the second load lock mechanism.

4. An 1on mmplanter according to claim 3, wherein the

holder holds substrates 1n plural rows on the first column and
the second column respectively,

the first arm and the second arm of the first substrate car-
rying unit hold plural substrates 1n positions correspond-
ing to plural rows of the first column of the holder and
carry the plural substrates respectively,

the 10n beam irradiated onto the substrates has a dimension
that traverses the substrates being held on two columns
by the holder,

the third arm and the fourth arm of the second substrate
carrying unit hold plural substrates 1n positions corre-
sponding to plural rows of the second column of the
holder and carry the plural substrates respectively,

the first load lock mechanism holds plural substrates in
positions corresponding to plural substrates that are held
by the first or second arm of the first substrate carrying
unit, and
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the second load lock mechanism holds plural substrates 1n
positions corresponding to plural substrates that are held
by the third or fourth arm of the second substrate carry-
ing unit.
5. An 10n implanter according to claim 1, further compris-
ng:
an intervening unit provided in the substrate exchange
position, which intervenes a transier of the substrates
between the holder positioned 1n the substrate exchange
position and the first to fourth arms, the intervening unit
having a plurality of supporting members provided to
cach substrate respectively to support each substrate,
and an elevating unit elevating collectively the support-
ing members.
6. An 10n implanter according to claim 3, further compris-
ng:
an intervening unit provided in the substrate exchange
position, which intervenes a transier of the substrates
between the holder positioned 1n the substrate exchange
position and the first to fourth arms, the intervening unit
having a plurality of supporting members provided to
cach substrate respectively to support each substrate,
and an elevating unit elevating collectively the support-
ing members.
7. An 1on 1implanter according to claim 1, wherein each
substrate 1s a rectangular substrate.
8. An 1on mmplanter according to claim 3, wherein each
substrate 1s a rectangular substrate.
9. An 1on mmplanter according to claim 1, wherein each
substrate 1s a circular substrate.
10. An 10n implanter according to claim 3, wherein each
substrate 1s a circular substrate.
11. An 1on implanter according to claim 1,
wherein each substrate 1s a rectangular substrate, and
wherein the holder comprises a plurality of electrostatic
chucks, said ion implanter further comprises:
an intervening unit provided in the substrate exchange
position, the mtervening unit having a plurality of lifting
pins provided to each substrate respectively to support
cach substrate, a lifting pin elevating unit elevating col-
lectively the lifting pins, a plurality of twist guides pro-
vided to each substrate respectively to support corner
portions of each substrate, a twist guide rotating unit
which rotates collectively the twist guides of respective
substrates by a predetermined angle around a center of
cach substrate for preventing the 1on beam from hitting
the electrostatic chucks, and a twist guide elevating unit
which elevates collectively the twist guides, and
wherein the intervening unit intervenes a transier of the
substrate between the holder in the substrate exchange
position and the first to fourth arms, and sets collectively
a twist angle of respective substrates that are to be held
by the holder to a predetermined angle.
12. An 10n implanter according to claim 3,
wherein each substrate 1s a rectangular substrate, and
wherein the holder comprises a plurality of electrostatic
chucks, said 1on implanter further comprises:
an intervening umt provided in the substrate exchange
position, the mtervening unit having a plurality of lifting
pins provided to each substrate respectively to support
cach substrate, a lifting pin elevating unit elevating col-
lectively the lifting pins, a plurality of twist guides pro-
vided to each substrate respectively to support corner
portions of each substrate, a twist guide rotating unit
which rotates collectively the twist guides of respective
substrates by a predetermined angle around a center of
cach substrate for preventing the 1on beam from hitting
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the electrostatic chucks, and a twist guide elevating unit
which elevates collectively the twist guides, and

wherein the intervening unit mtervenes a transier of the
substrate between the holder in the substrate exchange
position and the first to fourth arms, and sets collectively
a twist angle of respective substrates that are to be held
by the holder to a predetermined angle.

13. An 10on implanter according to claim 11, wherein each
of the plurality of electrostatic chucks clamps and holds
respective substrates by means of static electricity, whose

20

planar shape 1s rectangular and which are fixed to direct in a
direction that corresponds to the twist angle of respective
substrates.

14. An 1on implanter according to claim 12, wherein each
of the plurality of electrostatic chucks clamps and holds
respective substrates by means of static electricity, whose
planar shape is rectangular and which are fixed to directin a
direction that corresponds to the twist angle of respective
substrates.
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